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f/ (f) permitting growth of transgenic plant cells into whole plants or suspensions; and 
^ ( g ) extracting a quantity of human coagulation factor Vffl from the plant cells. 



REMARKS 

Receipt is acknowledged of the captioned action, in which the examiner rejected claims 1-10, 
13-15 and 18-23 allegedly for non-enablement and lack of written description, and claim 23 for 
indefiniteness. The examiner also objected to claims 3, 5 and 23 for failing to capitalize and italicize 
"Agrobacterium", and claim 12 for being dependent on a rejected base claim. 

Applicants respectfully request reconsideration of the present application in view of the 
foregoing amendments and for the reasons which follow. 



Status of the claims 

In this response, applicants amended claims 3, 5, 6, 12 and 23. Claims 3, 5, 6 and 23 were 
amended to correct a typographical error and claim 12 was rewritten in independent form. In the 
action, the examiner indicated that the amendment to claim 12 will render the claim allowable (office 
action at 2). Upon entry of this amendment, claims 1-10, 12-15 and 18-23 will be under examination. 

35 U.S.C.§H2,H1 

The examiner rejected claims 1-10, 13-15 and 18-23 on the grounds that the claims are 
allegedly not enabled and fail to meet the written description requirement. In particular, the examiner 
asserted that the specification "does not reasonably provide enablement for methods of expression of 
any encoding sequence having any fragment and/or modification of human or chimera coagulation 
factor Vffl" (office action at 6). The examiner relied on the erroneous belief that "one of skill m the 
art would not have known what fragments or modified versions of the disclosed human coagulation 
factor Vm would have been suitable for expression in plants of a bioactive protein. . .at the time the 
invention was made" (office action at 5). Applicants respectfully disagree. 

Under § 1 1 2, the application must explain how to "make and use" the claimed invention. The 
courts have interpreted this statute to mean that the specification must teach the skilled artisan how to 
practice the invention without undue experimentation. See In re Wands, 858 F.2d 731 (Fed. Cir. 
1988)- Hybritech, Inc. v. Monoclonal Antibodies, Inc., 231 USPQ 81, 94 (Fed. Cir. 1986). Thus, the 
test is not whether experimentation is necessary, but whether any experimentation would be undue m 
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view of what type and amount of expectation is typical m the area. See In re Wands, 858 F.2d at 
736-37 ("Enablement is not precluded by the necessity for some experimentation such as routme 
screening.")- See also MPEP §2164.01 . 

Furthermore, the law does not requrre a patent applicant to exemplify every species in a 
genus in order to show enablement of that genus. See Amgen, Inc. v. Chugai Pharm. Co.,Ltd.,927 
F 2d 1200 1213 (Fed. Cir. 1991). Rather, the specification must provide sufficient guidance to allow 
practice of the invention without undue experimentation. Fulfillment of the requirements of §1 12 
does not requn-e that the skilled artisan be able to predict, with certainty, which embodiments of the 
claimed invention would be enabled. The specification need only describe procedures that can be 
practiced, without undue expectation, to determine which embodiments are encompassed by the 
claims. See e.g. Wands, 858 F.2d 731. 

The question of what degree of experimentation is permissible is generally based upon the 
inquiry of whether the amount of experimentation would be burdensome when viewed in light of the 
particular area of technology involved and the level of skill in that field of technology. These factors 
include 

(1) the quantity of experimentation necessary, (2) the amount of 
direction or guidance presented, (3) the presence or absence of 
working examples, (4) the nature of the invention (5) the state of the 
prior art, (6) the relative skill of those in the art, (7) the predictability 
or unpredictability of the art, and (8) the breadth of the claims. 

Wands, 858 F.2d at 737. 
In the instant invention, one of skill in the art would have known at the time the application 
was filed which fragments and/or modifications would be suitable for use in the present invention. 
Indeed, scientific literature was available at the time of filing that describes the production of 
heterologous proteins in animal cell hosts, thereby teaching details of cloning and expression of both 
factor Villa (mactivation resistant coagulation factor Vffl) and B-domain deleted factor VIE (now 
marketed as Refacto®). See, Exhibit A. Accordingly, the quantity of experimentation required to 
identify which nucleotide sequences encodes a functional human factor VIII protein, or which 
functional fragments would be suitable for use in the present invention, was not undue, but well 
within the level of the skilled artisan at the time the invention was made 

For example, Eaton describe a factor Vffl deletion mutant wherein residues 797 through 1562 
were omitted by standard molecular biology techniques (Eaton et al, Biochem. 25:8343 (1986)), and 
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Toole teach factor VIII molecules missing 581 or 880 ammo acids in the B domam (Toole et al, 
PMA S USA 83:5939 (1986)). Similarly, large B-domam deletions, such as amino acid rescues 760 
to 1639 also yielded a protein with simitar specific activity compared to the wild-type molecule 
(Pittman et al, Blood, 81 :2925 (1993)). It is important to recognize that these modified factor VHI 
proteins retained procoagulant factor Vffl activity. 

Furthermore, Pipe describe cloning and expression of factor Villa (Pipe et al P.N.A.S. USA 
94 11851 (1997)). In particular, Pipe teaches use of missense mutations at thrombin (Arg-740) and 
activated protein C motivation cleavage sites to provide greater resistance to proteolysis. This 
reference also describes the deletion of residues 794-1689 in factor VIII, so that the A2 domain is 
covalently attached to the light chain. 

The examiner further stated that "[t]he fact that the full-length human coagulation factor 
protein was expressed as per applicants [sic] showmgt,] does not mean that any fragment or 
modification thereof will be able to be expressed to make a 'bioactive' protein in plants" (office 
action at 7) To support this assertion, the examiner relies on Cramer et al, saying that expression of 
human proteins in plants "is still not a predictable event" (office action at 8-9) and Lollar et al, 
providing that "factor VEI is activated by thrombin to form a heterotrimer" (office action at 9). None 
of these references, however, affirm that biologically active fragments and deletions of factor Vffl 
cannot be expressed in plants, geaa ^vrn that expression ^ftheM l-lenr th gene in a pla ntceU 
has been shown . 

The examiner overlooks the extensive guidance and teachings provided in applicant's own 
specification for expression of bioactive Factor VIII in transgenic cells. Furthermore, the examiner 
fails to take into consideration the actual state of the art at the time the invention was made. 

Additionally, the examiner asserted that the claims read on any length and any modification 
of human coagulation factor Vffl and that these modifications are "not adequately described in the 
specification as filed" (office action at 4). However, in levying a written description rejection, an 
examiner has the burden of presenting by a preponderance of the evidence why a person skilled in the 
art would not recognize in an applicant's disclosure, a description of the invention defined by the 
claims. See In re Wertheim, 541 F.2d 257, 263 (CCPA 1976). Applicants assert that the examiner 
has failed to meet her burden. 
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The fundamental factual inquiry regarding the adequacy of disclosure is whether the 
application conveys with reasonable clanty to those skilled in the art that, as of the filing date sought, 
applicant was in possession of the claimed invention. See Vas-Cath, Inc. v. Mahurkar, 935 F.2d 
1555 1563 (Fed Cir. 1991). To provide descriptive support, it is not necessary that the application 
describe the claim limitations exactly. See , g . In re LukacH, 442 F.2d 967, 969 (CCPA 197 IJOXlhe 
invention claimed does not have to be described in ipsis verbis in order to satisfy the description 
requirement of § 112.) Rather, the application need only be sufficiently clear that persons of skill in 
the art would recognize that the applicant had possession of the claimed invention. See In re 
Wertheim 541 F.2d at 263. Thus, the written description requirement is satisfied when each claim 
limitation is supported explicitly, implicitly or inherently in the originally filed disclosure. See 
Guidelines for Examination of Patent Applications Under the 35 U.S.C. 1 12 HI, "Written 
Description" Requirement, 66 Fed. Reg. 1099 (2001). 

In the instant case, it is clear that applicants were in possession of the claimed invention at 
the time of filing. The specification contemplates fragments and/or modifications to human 
coagulation factor VHI, as factor Vffl is defined as "referring] to human like proteins possessing 
human factor VHI sequence identity or human factor VHI-like procoagulation or coagulant activity 
(specification at 1, lines 18-21, emphasis added). Therefore, applicants provided a detailed 
description of the claimed methods and therefore complied with the written description requirement. 

Therefore, in view of the teachings in the specification and the references cited herein, it is 
apparent that one of skill in the art would know what modifications to human coagulation factor Vffl 
can be made for use in the present invention. 

35 U.S.C. § 112, H2 

The examiner rejected claim 23 for alleged indefiniteness, asserting that the phrase 
"modifying a coagulation factor Vffl a sequence encoding human coagulation factor Vffl for 
subcloning into a plant expression vector" is indefinite (office action at 3). Accordingly, applicants 
amended claim 23 to delete the phrase "coagulation factor Vffla". 

CONCLUSION 

As the above-presented remarks address and overcome the rejections presented by the 
examiner, withdrawal of the rejections and allowance of the claims are respectfully requested. 
Should Examiner Schmidt believe that further discussion of any remaining issues would advance the 
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call to the undersigned, at the telephone number listed below, is courteously 



Respectfully submitted, 



FOLEY & LARDNER 
Washington Harbour 
3000 K Street, N.W., Suite 500 
Washington, D.C. 20007-5143 
Telephone: (202) 672-5483 
Facsimile: (202) 672-5399 



By. 




h1. ^ 




Richard C. Peet 
Attorney for Applicant 
Registration No. 35,792 
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\fppgif>N WITH M*n"WfiS TO SHOW CHANGES MADE 

3. (Amended) The method as recited in claim 1, wherein transferring is by 
[agrobacterium] Aornhacterium mediated transformation. 

5. (Amended) The method as recited in claim 3, wherein lagrobacteriuml 
Agrobacterium mediated transformation comprises the steps of: 

(a) introducing said [placing the subcloned] plant expression vector into [to an 
agrobacterium] Agrobacterium; 

(b) co-cultivating the [agrobacterium] Agrobacterium containing the subcloned 
plant expression vector with the plurality of plant cells. 

6. (Twice Amended) A method of producing an active human coagulation factor Vffl 
from plant cells, comprising the steps of: 

(a) introducing a sequence encoding human coagulation factor VHI [for production of 
human coagulation factor VIII] into a plant expression vector [in the plant cells]; 

(b) transforming [obtaining a positive transformant of the] plant cells withsaid^lant 
e^ionvector I, the positive transformant carrying genetic material encoding the human 
coagulation factor VIII]; 

(c) cultivating transformed cellstthe positive transformant] ; and 

(d) obtaining the human coagulation factor VHI. 

[(b) transferring the subcloned plant expression vector into a plurality of plant cells; 

(c) selecting a plurality of positive transformants from the plurality of plant cells 
on an antibiotic selective media; 

(d) growing the plurality of plant cells in whole plants or suspensions; and 

(e) extracting and purifying the human coagulation factor VIII from the plurality 
of plant cells.] 
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1 2. (Amended) [The method as recited in claim 6,] A method of producing an active 
human coagulation factor VHI from plant cells comprising the steps of: 

fa ) introducing a seq uence enc o ding human coagulation factor VIH into a plant 
expression vector; 

(h ) transfo rming plant with said pla nt expression vector; 

fc) cultivating said transform ed cells: and 

Cd) obtaining the human coagul ation factor VM, 

wherein said [encoding] sequence encodes a full length of said human coagulation factor 

VIE. 

23. ( Twice Amended) A method of producing an active human coagulation factor Vffl 
using [an agrobacteriumj A erobacterium-m ediated transformation, comprising: 

(a) modifying a [coagulation factor VIII a] sequence encoding human coagulation 
factor Vffl for subcloning into a plant expression vector; 

(b) subcloning said [the] encoding sequence into said [the] plant expression vector; 

(c) transferring the plant expression vector to [agrobacterium] Agrobacterium ; 

(d) co-cultivating [a portion of the transgenic] plant cells with said [the 
agrobacterium] A grobacterium ; 

(e) selecting positive transformants from the co-cultivated culture on a selection medium 
[an antibiotic selective media]; 

(f) permitting growth of transgenic plant cells into [in] whole plants or suspensions; and 

(g) extracting a quantity of human coagulation factor VHI from the plant cells. 
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VIU because of its reo , „ lh at the 

IR8 molecule is at least 

Vffl in this mouse model system. 

© Blackwell Science Ltd 



haemostais over a 24 b pence.- eut h»nized. Survivors 

.....rimoo or, where .ppropn«< J cluteri „uo a . 
thieved effective haemostas.. -a the abseoc 

. ■ t _ stab l e thrombin-activated form 
The ability to *o£ ^Mj* a cnKU1 rMgent t0 
of human factor Vim wiu p enerat i 0 n w in 

^dy .hc functional haemostatic 

vitro as well as » ^jSoSS^"" 4 ^ ^ 
efficacy of the # k ™ 3 uated ^ a haemophilic 

dog model [89]. These A2 . domlin dissoci- 

information coacernmg the role ^ion in 

atio n and vWF £n« ^ sed speci fic activity 
««. In addmon, llal by reducing 

may have \"™ aA °2X Z»l cost of therapy, -d 
dosage requirements thereby redu S .^.^ 
red ucm g the amigentc stu^ulauo^ ^ ^ f 

response to factor 



r -/ trtine compounds that mimick 
Development of acting comp ^ 
the action of factor VIU 

acuvny has ^t^y ^ ^ ^ 

isolation of factor VW pr ^ a ^ 

identification of the factor Vffl . ge« - cewlop l a$m in 

is now avadable [90] that w^s ^ ^ 

o( ie factor VIE A domams ^ - A^ ^ 

nave come from muugenes tu^ ^ ^ 
regions for factor VIII funcuo ^ 
analyses to "^Xdy ^ibition data 

Vffl «d factor DCa. Pepud «J ^ ^ ^ ficlof V ffl 
^est that residue, ' (he £awlylLc domam 

r£S"S?i2- of factor IXa. respect^ 
HaemophilU (1998). 4. 370-379 
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Fig ,.u^ ( ««-vuu i ^' tS ,r c ^ T c. 

K ure depicts tbe l-r Va. ^;^ lheC 2 d o^ in d 
inking with . domains te« «* 

t fae specific interact.oo ° f th < A2 i0 >nd the first epidermal 
sites within the serine protease ^ fc ^ phoJpho . 

lipid surface through us reg. 
/ ulll »ic acid residues (ghVAdapud from [91]. 



[92 . 95] . With elucidation of 

[ [96] , it is „ ^;^^c y of factor^ 
function to enhance the catalyt ^ ^ 

These findings have t*^)^^ asS£ffl bly via 
VIII light chain U respons.ble fo c P^ ^ 
the first EGHib.J^^ ffli6ht bdue; a 
fraction s.te with the AZ ^ ^ Kl 

conformational change o{ lhLs co nforma- - 

^W^^Xf^^"**" a small 
rionJ change, « may be po» ^ wmc 

^ ° r '.^'Sr 'compound is id-**. * 
conforrnauonJ chan e. Once deUv ered by 

miy be mod.f.ed to make 

on l admimstration. These r J 5 ^ fey whieh a 

for future stud.es to eluc.d te *o» ^ 

' 0B f X si« of factor IX, 

conformational change m 
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Coagu.af.on factor V... (Will) to "SE^^EX 
pathway of blood "f^-^ a do- 

in the bleeding disorde wnich the B do- 
main structure of A1-A2-B A3 Y ' a rtivitv in vitro, lalhia 
mainisdispensableforp^ 

«P ga - JWC ^ O0aEg ^ P L ?639 desianatedl^MEiS 
^ne.recom^na j^W^^^^^ 

activity of purified LA-vm was i » . u thro mbin 
typerecombinan^ 

activation coefficients, wnaxyp s of thrombin 

and LA-VIII also displayed »™ ,tar *^^ ever compared 
activation and heavy chair '-^^HXw 
with wildtype «comb.n.rt-d«^gJ * ^ ^ 
LA-VIII was cleaved fivefold more rapiaiy oy 



t fi»rf von Willebrand factor (vWF) did not alter 
ditionof punfied von W lieo activation 0 f either 

the kinetics *™*£ ri ^,|. or LA-VIII. The immu- 
wUdtype ^npa«d ««h wildtype FVIH in 

nogenicity of LA-VIII ^Xanco induction in mice. The 
a novel mode ^ a a ™ unolog ic differences between 
resuhsdidno detert^y m that ^.y,,, does 

wildtype ^» ^^L'ejtope. that are absent in 
^oLted well on infusion into 
w.ldtype FVIII. LA vi.iw ^ cutlde 

™V^2L^£Z£ recombinant factor VIII. 



-™rTOR VIII (FVIII) functions in the intrinsic pathway 

of a heterogeneous sized W^™^ 80 -Kd light 
, D to 200 Kd in a metal ion complex with an o a* 
S polypeptide. This comple, ^^^£2. 
drophobic and hydroph.hc ™««^^Xtain poly- 
factor (vWF). FVIII is processed ^^f^^l 
peptide having the domain the 
The heavy chain is composed of domatnsA 1 A 
lig ht chain is composed of domain » ™ I 

domain is encoded by a -^^^^donuun 
tectable homology to any other known ene^Th 

tested by in vitro assays and »as otoresseo 

of monoclonal antibody (MoAb) ff^J-Sted 
FVIII preparations has «»?^SS^SSent 
with plasma-borne infecuou, ; agemj ^« ' Umited 
is generally limited on demand basis ^because : 

' vih However the present manufactunng process i«* 
ing. purifying, and characterizing this large neterog 
Blood. Vol 81. No 1 1 (June 1). 1993: PP 2925-2935 



therapy fr r ^T" 00 *" 1 * 
[^dcharacterization 



derived human FVIII. — " 

MATERIALS AND METHODS 

was obtained by ^^n^y^ 

in the DHFR deficient cefl : .ne DUKX BU . of melh . 

otrexate (MTX) up to 1 xmol/L as prev ousiy 

coamplification with an adeno »™*™™^ ( with the 

leC tion for growth in ^^mZ^O^ described." 
ADA inhibitor 2'-deoxycoformycin (dLi-) as p 

Pathology and Medicine. Queens University. King 
Siipponedinpanbygranisfw^ 

form at the 1987 International Congress on 

mostasis? , . } Kau f man . PhD. Director. 

0 mWl/93/81U-0012S3.00/0 
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To obtain a ceH .ine that expressed both ^ V ™^SJ£2 
was Eenerated by polyethylene glycol .nduced fu*<* '°^ A3 

. \n mtx* and PM5F (grown in 0.03 Mmol/L cH-f). in«: 

cel. line expressing ; h.gher lev els of L^V ILde * ^ 

supplemented win 3 g/t. n/m T transferrin 0.1 *ig/m L P utres_ 
selenium, 5 ug/mL insulin, 5 jig/mL transtemn, v.i iw ij 

^7^a D ;=^^ 

The synthesis of FV... was monitored by »J2 
Chinese hamster ovary (CHO) ^ «^*^XJ^5 

cessed as described. FVI1I was immunoprecipitated wi a heavy 
S-siS MoAb F8 coupled to CL-4B Sepharose (Pharmacia 
H^e Chemicals, Uppsala, Sweden) anc 1 washe as taJteL m- 
munoprecipitates were resuspended in 50 mmol/L Tris-HQ pH 7^ 
n m immnl/L NaCl 2 5 mmol/L CaClj, and 5% glycerol and digested 
with Io^/m\!thrornbfnat 37 C for 1 hour. After thrombin 
iplesTre treated with Endoglycosidase-H or N-glycanase ac- 

The 3 peptides were separated on a sodium dodecyl sulfate (SDS 
SowteP^ 

SSeSiSh Enhance (DuPont-New England Nuclear, Boston, 
Uk p U nhcauoncfLA.Vm. Logarithmically growing cells were rinsed 
wi ts d t itrum-free medium. After 48 hours, ed 
Sium was collected and FV11I purified by 

of endotoxin in the final purified FVHI was less than 1.5 EU/1,000 

"The specific activity of FV.,1 was determined ^JJJJJJ 
clotting assav" or the Kabi Coatest assay. One unit of 

mount of FVH, in 1 mL «^^%Z£w^ 
concentration was determined by B.oRad ( R ^™ on * |I C J.^ V ' " 
aUO .g/mL in 50 mmol/L Tris-HCl pH 7.5, 0.15 mol/L NaCl, 2.5 



«m r a ri, and 5% glycerol was incubated at room tempera;, 
m Z 0 5 S human thrombin. A. short intervals ahquots 
wuh 0.5 . determined 8 or 0-mercaptoethar 

mmutes ThepolyWt.o ^ by ^ suun . 

electrophoresis (SDS-PAOb) ana j svith S n L> 

S^rstago, Asnieres-Sur-Seine. France, was a ed tor . 

35S2gsS3S 

vol oi Diowr paration W as stored frozen at -70 C anc 

recombinant FV U p epa ^ ^ ^ ^ 



% Increment in FVUI 



Dose ofFVM(units) 
: Body Weight(kg) X 0.4 



ShlS^^" Elected and assayed for FVHI antigen 
erates in accordance with the gu.d.ng pnnc.ples of the 
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CHARACTERIZATION OF B-DOMA1N-DELETED FACTOR VIII , 

andHaemostasis. 26 d meamemen i of am- 

Ruction of neonatal toU * ok e recombina m<lenved 
Tolerogenic forms of plasm (pvmj ^ prepared 

vvildl ype trVIIl) or ^ om ^^ 5 Zil^ PBS(9mmol/ 
K^lhe^e^"^ and centrifuging 

!sodium I*^^*^^^.!^*^ 

jC resulting solutions at 20,uwjio derivatives 
l!f0l ein aggregate, ^^J^S* forms in an im- 
U^^^SSffitSvi system: Ribi .mmuno- 
munologic adjuvant (RAb wdi ™ J (5 „ Lvolurne s containing 

^ ,g FV1U) were administered intrapen on ^ ^ 

CB mice (Jackson immunologic nonre- 

birth to induce a state of .^/XXVnresponsiveness was de- 

K-rminedbymomtonngthe^ 

,„ mr0 l (KLH: 5 KB keyhole limpet « snanvimmU nized an- 
. , imals received 50 ,L P^^.^munogenic doses of FVlll. 
, inals received control an«,g< * J but no mmun g ^ 
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in an immunologic adjuvant according to the schedule In Table,. 

section A. ia-FVIH-, and KLH-specific antibodies 

The presence of r™'^ \ standard EL1SA in which 96- 
in serum samples was assesse j ^ ^ ( , 

well ELISA plates were «««£*JJ fl No nspec ific protein binding 

t0 ,he well surfaces ^™ n ™^ plicate serial fivefold dilutions 
g e,a,in/PBS at 37'C for 0 a Jj£ ^ an<J the plales were in- 
of test sera were added ,n 300 * fourtimeswiln , mU 

cubated 18 hours at 4 G ™ l «L 2Q (pBST) Specifically bound 
well using PBS containing 0.5% Tween t of 
antibodies were ^ lg (heavy and 

horseradish ^ w^ o-phenylene diamine solution «5 

. light chain), and developed witn P was 
mE /mL in carbonate : buffer pH 9 490 n m was 
halted by addit.on of 4.5 N H:S O, an ° cent maximal 

measured. Raw *«?-^jE2S by four parameter lo- 

imal response was observed) _ monitored in all 




Group A 
(n = l5)S/ram- 
Tolerized, fW 
Challenged Mice 



Section A 
OayO: 

Tolerogen 
Day 7: 
Control-RAS 

Day 10: 
Tolerogen-RAS 
Control-RAS 
Day 16: 
Test Ag-RAS 
Control-RAS 
Day 24: 
Test Ag-RAS 
Control-RAS 

Day 32: 
Exsanguination 

Section B 
Mean d 16 titer v KLH 

(naive <. 20) 
Meand 16 titer vrVHl 

(naive £ 50) 
Meand 16 titer vLA-VM 

(naive £ 50) 
Mean d 32 titer v KLH 

Mean d 32 titer v rVIH 

Meand 32 titer v LA-Vlll 



PBS 



Group B 
(n = 9) Sham- 
Tolerized, LA-V1U- 
Chaflenged Mice 



PBS 



Group E 
(n«5) LA-Vlll- 
Tolerized, rVHI- 
Challenged Mice 



5 jig KLH-RAS 5 jig KLH-RAS 



5 M g rVlll-RAS 
5 M g KLH-RAS 

5 ^ig rVlll-RAS 
5 pg KLH-RAS 

5 M g rVlll-RAS 
5 ^g KLH-RAS 



49+18 
58+17 
48 + 8 
82 ± 18 
1,609 + 485 
497 ± 522 



5 P g LA-Vlll-RAS 
5 M g KLH-RAS 

5 M g LA-Vlll-RAS 
5 M g KLH-RAS 

5 M gLA-Vllt-RAS 
5 M g KLH-RAS 



45 ±19 
55 + 22 
45 + 18 



93 + 31 



rVHl 

5 jig KLH-RAS 

5 nQ rVlll-RAS 
5 M g KLH-RAS 

5 M g LA-Vlll-RAS 
5 M g KLH-RAS 

5 M g LA-Vlil-RAS 
5 jtg KLH-RAS 



42+12 
52 + 28t 
27+ 19t 



rVlll 

5 M g KLH-RAS 

5 rVlll-RAS 
5 jig KLH-RAS 

5 M g rVlll-RAS 
5 jig KLH-RAS 

5 M g rVlll-RAS 
5 ^9 KLH-RAS 



40 ± 15 
40 ± 12 



LA-Vtll 

5 M g KLH-RAS 

5 M g LA-Vlll-RAS 
5 M g KLH-RAS 

5 ^g rVlll-RAS 
5 jig KLH-RAS 

5 ^g rVlll-RAS 
5 M g KLH-RAS 



44 + 20 



78 
(80 



501 ± 182 
399 + 221 



25t 
43) 
65 ± I2t 
(95 ± 74) 
46±31t 
(78 + 52) 



35 + 14 
81 ±26 
78 + 38 
55 + 24 



52+15 
32+12 
93 ±22 
385 + 91 
220+ 121 



Meand 32 titer v LA-Vlll ^ (78^ Z^^^ 

.presented as a mean * SD (Section B). In group C 
at day 21. 
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intact or .hrombin-cleaved m «LA V orBed for 2 

eels were loaded with 25 >ig FVlli (rv in,, electropho- 

fours a: 200 ^^^^S^^ 
re tical.y transfer* to nUroce Mta U M ^ ^ ^ 

buffer coming 92 -V g£m • for 
methanol, and 0.05% SDS. The nue nonspec inc bind.ng 

at 37-C in PBST contammg 4% K^to mim ^ 
of immunolog.c reagents, then Cambridg e, MA). Day 

noblot devices *' ?ZT£< 'diluted 1.20 in PBST, 

32 samples from each of the test an mals we*d rf for 

,oaded (200 „L/tane) m«° the mamfol a* n ^ 
18 hours at room temperature. formes** 

with rabbit anti-munne >S G > ^' anQ ' 8 fi l with PB ST. Signal 
diluted 1:1,000 in PBST, and w^hed four um« . 
was identified using 5 mmol/L MgC lO^noW _ 

L 2-amino-2 methyl-1.3 chloro-3 
nitro blue tetrazolium (Sigma), and 0.2 mg/mL 5 brom 
indolyl phosphate (Sigma). 

RESULTS 

^Characuriuaian of LA-VIU P^edjy CHO 
ce l h . Previously, a ^Tj^^ ftn the 
was constructed that had ^deleted 880 ™™* ^tepn 
B domain (residues 760 through ^ J™£ 74Q 

,9 amino acid ^.^STSSSn d«»* she 
and ends 50 amino acids before the tnro 

at residue 1689. The new J un ^ n f^^o acids asn- 
cnains results in f'^^^Zl^™ 
ala-thr, a potential N-hnked glycosy ^ 

of the ^^^ISr'S introduced into 

also express human vWr- a _ pp on imo ^ 

1Q. which is requited to saWw t approxi mately 20- 
conditioned ^^^SJU a similarly 
fold greater levels of FVlli man u (9 ^ 

engineered wildtype FVIIUxpress.ng, « me C£ R 

of serum reduced ^^/Z^r for cell line 
.ation in M18 and G12 eel s jflFj ^ ttributab i e 
G12, and to a lesser extent M l 8 £ ffect f a 
to a slower doubling time ^jj^^^cta* 
cellular productivity of LA-VIU (LA 

with removal of serum (Fig IB). 

- The structure of polypeptides «^£j^p eFvm ' 
studied by labeling cells ^J^^SS^ibr 
with "S-methionine. Conditioned medium was 

analysis by with 

amount of single-chain LA vu wa 
and mature vWF that jj^y. In contrast, 

detected migrating at the top of the geuarro 



£ 20 



10 



B 24hsf 
24hfcs 
3 48h sf 
^ 48h fes 




G12 Ml8 
Cell Line 




Cell Line 

Fig , fm^^^^l^^^ 

l0 garithmic phase ce Is w« • M ™£ resn q ^ Afw 

eom^n^^^^J^S for FV.I. activity assay 
24 and 48 hours samples ^ ™£ and for vWF antigen us.ng 

censweretryp- 

a vWF-specfic ^ a> Volumetric productivities (units per m*- 
cell). 

wildtvpe FV1II expressed from the cell li* OS' 

; 0S ed primarily of the heavy chain ^ 



ET AL 



I 



CHARACTERIZATION OF B 



■DOMAIN-DELETED FACTOR V«l 



N-gW 



2929 

endo-H 



<m % iD Si S 



C 6 612 MI8 g 5 S o o 




200- 



92 -o 



i 



1 



3 celts. Mid- 
ivine serum- 
hours. After 
rtivity assay 
ntigen using 
s were tryp- 
its per miili- 
:ograms per 



was cotn- 
30 Kd and 
HI yielded 
jmigrating 



Fi92 . ^"SSSIS 

tore with wiWtyPf, (G1 2 and M 1 8] were 

wildtvpeFVHI (C6)» or W VUMQ e(J me . 

labeled with ^m^ 

dium harvested for anary«s y horesis „f 

wit h anti-FVIU MoAb F8 ™* SDS .^ r 
the immunoprecipitates °" . oprec j p jtates 

were analyzed before I I an e ndoglyco- 
thrombin l + ^^l^S The molecular 
sidase H (endo-H) as indicate i jsanal . 
welghtmartcersares^^^ ^ ^ ^ 

ysis tanes from C6 vv er ^ . ^.y,,, hea vy 
proximately a 10-fold f^I^ lA-Vlll (*). and 
P and light chains (O). indi Ud. 
pro-vWF and mature vWF tarrowsi 



69- ~- 



46 



30 



\ 2 3 



4 5 6 



7 8 9 



10 II 12 



contained a heterogeneous «*£*^ absent in LA-VIII. 
representing the B domain ^f™*^ H showed 
Digestion with N-glycanase and endog 

that LA-VII1 and ^ ldt ^X n td fragment and the 50- 
5 hiftsforthe light cham73-Kddenved l2) . 

Kd heavy chain denved fragment rg , ^ frag . 

No mobility ^1°^^ ^^ oligosaccha- 

wildtype recombinant FVIII- ^vill was punned 

yf, /* Biochemical analysts oj described in Materials 

by MoAb affinity chromatograph) wasdetermi ned 

using an FXa generation assay ana oy ^ ^ ^ 

deficient plasma. The values d^JJ- ^ (ap . 

range obtained for « fn£££Sy and 2,™ U/mg 
proximately 3,000 U/mgb Co ^ 
by clotting dotting activity appro*, 

activation of LA-vui i»v 



^tely 30 to 100-fold, ^»™J*£g&t& 
Smbinant FVIH ^^^-«*** 
that, in contrast to wildtype recomt , ^ 
the 80-Kd light chain and a heteros ^ composed 

chain (Fig 3A 

1 a 92-Kd heavy chain, and a IJn ing peno ds ot 

ane .0). Upon thrombm wildtyf , FVIII 
time, the heavy chains o both LA ^ oc . 

were cleaved at the of the thrombin cleavage 

curred after 1 minute. ^ ns "°^° ics of appe arance of the 
products demonstrated similar (Fig 3C). 
50° and 43-Kd heavy chain-denved^P P^ ^ ^ 90-Kc 
n addition, the 

3A). The «*£Z^&c^»*»^_ 
chain species for LA vi nt on the y_ 

derived sequence ^"Jli^Jnbindeavedspecus. 
Kd species andabs^nton the 90-Kdth 0 iQ s£Cond 

LrVVHl light ^^^Mi*^ 1 
while wildtype recombinant FVni req ^ ^ humaR 

minute for 65% cleavage (Fig 3, A and 
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of maximal cleavage) of the 50-. 43-. and 



: habact E b 1 zat 1 ono F b-oo M a,n-o EL bt E o F acto R v 11 . 
vWF before thrombin 

C,eaVa t e n°nf^nU ^ 2 Ihtgh 9) or LA-VUI 
Sepharoseshowedth^^^ 

bound vWF under these condm ^*n* ^ was 
Because the rate of light ch*. ctea 8 ^ ac _ 

greater .tan wudt*^ 

'^SSi Both wildtype recombi- 
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, ,v,nv tnlerized to rVIH showed borderline 
of 14 mi* theory rV m and LA-Vlll (from 

reactivity against both . tiler3 mea5ured 

group C Table I, section ^ ™^ ^ induding lhe 
at day 32 were averaged bo* «*. 8 ^ lsec . 
mouse showing significant ant FV p ^ de 

ti0 n B). At day 32, •W^^^Ure challenged with 
^^tSSXS^^ B). Significantly. .0- 
eitherrVIII or LA " V ' f e obser ved in mice that were 
t0 2 0.fold_reduce t ters were ^ ^ ^ 



X^^*^^£ZZS~. toward ^-^S ..icethatv^ 

^^f^JSiS.^^ rV / n 'S to'^ V -d challenged with wildtype rM 
both wildtype and LA-VIII exited as ^ ^ i tolenzed to LA v i anti-FVIU response after 

of procoagulant activity. Add men of *WJd ^ LA _ ( E) developed a g ^ ^ la-VIII urtenz d 

rate of activation or inactivation of .wildtype J n days The a nt. JV m u as wildtype rVIll. 

rate 01 . .u„.-.i mice were reactive with LA via nQi 

These results show that xo erance , * JJP« , n 



lCU*- v/» 

Vlll (data not shown). ; A neona tal 

mouse tolerance model was ^"^{m, model takes 
similarity of LA-VIH and ™^^ nQ nw^es 

0 f a foreign antigen (tolerogen) to anewft ^ ^ 

the mouse specifically nonrespons ve to that g ^ 
The ability for a related antige to ndu« 

sponse indicates ^,^ n S^intheorigM 
mouse recognizes disunc epuopes ^t p ^ 

tolerogen. Preliminary stu ,d.e s ^dtype 

dose of ^^J^^U^lo^ 
FV1I1 administered by »»^™ ^^a,* in the ,n- 
Balb/CBy mice within 30 hours o iveness in 

duction of a state of f tl ?^f^ e tolenzed to recombi- 
89 % (48 of 54) treated ^J^S^ subseqU ent chal- 
nant-derived FV1H were "O^™^ pvni. Similarly, 
leng e with recombinant- ^re ^responsive 

mice tolenzed with ^^"^0 r ecombinanKerived 

FVI1I. Of 43 mice that rec eivea r : kive 
challenge, only 1 "^^^»^»pel«« of 
response is defined by titer > luu ' . the resp0 nse to 
experimental mice was "■^^J m ice mounted 
an unrelated immunogen, ^ ^ demonstrat- 
significantresponsetoth.^ 
ing full competence, and that any oo ^ 
sponse to the test antigen was s ^6 « ««» w both 

the model system. tolerance developed to 

We then evaluated whether the tole ^ le eof LA -V11I 
wildtype FV1H could be broken w h a chatog 
using the protocol described ^'^ndBJortolerized 

with wildtype recombinant V III ( rv iiiju chaUen ged 
LA-VIII (group E). Ten days later the m.cew 
with either wildtype rVHI (groups _A D, and E) ^ 
(groups B and C). ™ *£J ™* ducted by titration 
amount of specific anti-FVIU « ^ ' VUL Atda y 16, 1 
ELISA using either wildtype rVIll or LA 



Th««c^»^^^^.Vin challenge. In 

the day 32 murine were electrophoresed 

which either wildtype FVM or ^LA vn ^ ^ 

on an SDS-polyacrylam.de g land* n ^ ^ 

cellulose. The ^ ^^Sn» FVffl polydone! 
, en ged mice as well as a rabto a ^ ^ anu . 

antibody (as f^^, ^th both wildtype and LA- 
body showed strong reactiv ty ^ 0 m)C£ 

VIII FVIII whereas ~ J^TSS that the specificity 
sera tested (data not shown), b EL 1SA in the 

of affinity of anti-FVIU response did not 

serum was very low or ftat i teantiK ^ y g experimenls 
react by Western ^^^^A not detect any 
show that the mouse immune system FVIII. 
different epitopes between ^»\^o effigy of purified 
Inwo efficacy of U-VIIL i n were tested by in- 

preparations - W^^^^genitally FVIll-deficient 
Lion into two sev^ely jftcrt ^fij^ n day L 
animals as desenbed LA 2 days later Wlth 

followed by an identical ™W P btained pre- and 

the wildtype FVI11. Blood samp « were lation testing 
post-FVIII infusion at ^^ifi,^^ 
performed on each ^f^^y, fibrinogen levels. 
£ measured in a one-stage g times 

and a full blood ^T^^^^^ 
were determined, after bleeding w« ind ^ using 

thesized animals, by sev ^^° 0 r this induced bleed- 

time (CBT). This 

ing to be arres ed '^ he ^ isbase don the reproducible 
stringent model for ^ " ™ d for whic h cessation re- 
, ong bleeding time : tha occv.^ and* ^ 
quires infusion of f«n ctl0n f al ^ n U was derated without any 
and LA-VIII FV1U. ^"^^ t performed in a se- 
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, ■ a Fvnt fFie 4 A and B). In the second study, 
plasma-denved FVIII (Hg a a , 

performed in a severely f« J^^survival of 
were obtained with regard to the recovery 
functional FVIII activity for ^^ESSte-cood 
shown). FVIII antigen ^ 1 hourafter 

nfusion of both the wuaiype * ana i vze d for the pres- 

ence of FVIII ana vwr am* received either 

between fractions ^^^^Z**** 
LA-VIII or Wildtype FVIII Ana 'y* s ° . ;, ar amoun t 
that both preparations had a s.gn.ficant and m 
of FVIII antigen co-elut«ng with VWF ^md JJ 
vWF binding charactenst.es for and at 

were similar (Fig 4C). CBTs wer P^JS, 1 hour, 

following the infusion of LA-V I Jh F ^ ^ 
time of performing the CBTs in stuay 
utes) and 40% (2 hours) U«% (30 

In the case of the second study, -Jj ^ In the Le of 

Tthl w?o2S£5S«« after the 

the first study, the CB I was cone 

gent requirement for FVIII _ lor cow e isfunct ional in 

model system, the results show that LA-VIU 

vivo. 

DISCUSSION 

te«l•i«CHOc^c^pa^«Mwel■ increased 
iter vectors, cells, and methods were used^ 
expression resulted from mcreased J f L ^ 
(data not shown) and mcreased se renon effi W 
proveds^cretionefficiencycorrelatedwihreducea 

^werl'oLof — 

reports on B-doma.n-deleted FVIIL " J 

tional modification that may have become Urn tj^ ^ 

synthesis of functional FVIII a ^ ^se h -gh P 

was sulfation of tyrosine However even 

sion level we have P^^.^^^towMWe 
was efficient." Biochemically, LA-V II ^ ^ 

FVIII with respect to ^^Si^*^ 

FXa generation assays and also exnioiwu 

activation coefficients between LA-VIII and 



LA*vm Tl/2Ct:3.0 p: 13.6 
r-VDl T 1/2 a: 3.4 p: 12.8 
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Fig4 . b^^^i^^SXJIS 

Jmesind^tedan^^^^ 

were determined as described « J^L" indicated for both 
2 forthe a-phase ««d P-phase of el rn .natu, « tinfus ion 
U-VI.I and rVUI. (O P "^^,1^' r Van^ed by chromatography 
of wildtvpe FVIII (X)or IA-VIII W^J* ass V ayed , 0 r FVIII an- 
on S epharose-4B and ^J^££*JL and Methods. 

SSS^ erwithoutinfusion 

into a dog P). 
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VIU 



thf rate of activation of procoag- 
th ere was no wi ,dtype FVIII, peak 

ulant activity. For *th ^-V"M » ^ heavy 

aCti vation correlated wit h fr Jts showing that 

chain. This is consent ^JJJ^ at residue 
procoagulant activity is a «^^ m ^* W 
372 and does not require clea vage _ot me gi 
results are different than t^^^^ was 
domain deletion (residues WtoojJ. ^ 
shown to exhibit increased sen s.ti vity loj n 
ompared with wildtype and tho* of MeuUen e 
a B-domain deletion (residu s py,,,. How- 

was activated to a greater e^J^J cle avage 
ever, in both of these studies the «te ot tn 

C of the B^^Sr«*» 

wildtype FVI1I. Although ^™ e 3 t he properties of LA- 
will exhibit slightly different Properties, the p 
VIU described here closely ^^^^ ° f 
Previously, it. was shown that vWl- inn 

sumably by binding to £ t c ^ ain was required 

proposed t^^SSnw!^* actWity - ln ■* 
to release vWF and eke it FVHI procoag 

dition, vWF promoted of vW F on the 

chain." Therefore, we examined the dTe 
cleavage and 

FVIII and LA-VIII. Addi t.on of jWF d£ ^ 
the procoagulant acUvity or the rate ot 8 

between our results an ^ ^ °™ ^ ^ 

may*attributedtothe»^ 
ied (human v porcine) and ditterem a»a, 
assay and FXa generation . of the Ugh , chain 
Because of the increased ^* e P™ y he molecule was 

to thrombin ^^^Z^ ** ™ e 
safe and efficacious on infusion > ni ° h ^ that 

results of two studies in ^ ^ 
theh^onK* W^^^v,,, was also 

to wildtype ""^^^iteW-^ 
complexed with canine vWr- to ^ 
recombinant FVIII. In addition, LA-VH1 wa 
and did not affect any hematologic P^ me ^ V m was ca- 

Pabk ° f £S I ^mrSultsofthese studies indicate 
S Snal in « mo^ „ idenUfy 

A neonatal murine tolerance mode "J 8 inis . 
potential new or cryptic fl-gj ^antigen to a 
tration of relatively large quant, i« ^ a ™ J_ Mnrir dis . 
newborn animal ^^ZZ^mL^m^ 
crimination events within the >«^»^S "° nres P on - 
lead to a state of -^r^^'^SSpo-e renders 
siveness toward the foreign antigen. Th* r po 
the animals specifically nonrespo nsr, to the to ^ ^ 
(tolerogen), which has been ^^SS^^- S ^ 
cific nonresponsiveness to the oleroge 
by the administration of a "^^Sops present in 
noantigen) that shares many bu f^^^ on the 
the tolerogen. Response to these dissimilar ep 
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^^£S^ ^ * considered ,mmuno,og1 ' 

cally identical. . onata ] mu rine 

These observes wer J "J^^,^ immun ologic 
mod elsystemo ^^^^«"^ A 
eqmvatejce of P to» ^ swdies demonstrated 

denved FVIII, and LA ^ rf m _ ce fcy a 

that t^^^'SSLnwteived or plasma-de- 
single infusion of either reco. m ^ , 

derived FVII also exnio ^ detect 

FVIII and vice ^ B ^ t S^ y p taina^fflved and 

any immunologic * l ^ u ^ dia £ ng8 with wildtype 
recombinant-denved FVH • Upon ^ ^ ym 

recombinant-denved FVU1. nuc ^ 

mounted a ^^^^-ScW-etoboUi 
combinant-denved F^III and LA ination of 

the tolerant state. i" f ine mice ex . 

mice tolerized to ^W^^gi- that reacted with 

wildtype as well £ ,^7^^ imm unoblot analysis, 
could not be confirmed oy ^ aRmity 

suggesting the antibodies f " eraieu 7 tn£Se roce du res. 
and/or titer to permit their de ec ion y £ w 

We speculate that the response m the m 
^totofcri-tl-^ W^^^iii that 

lack of response b, . the ^^^J^C shable from wildtype 
LA-VIII is immunological yinoisu B ^ 

FVII1. Previous ^"^,^23^ specific im- 
FVHI domain deletion md ^^f^ In t his 

munologic response 10 .^' U ''°"4 ed w as characterized by 
case, the polyclonal antibody gen^ted ^ 

immunoadsorpuon ^-Jp^i^^u^ ^ 

wildtype FVIII. Our appro* significant epi- 

tion should be ^^^^Sinto antibody . 

topes. Thus, 7* •^ B 1 r t , 5S deletion molecule. How- 
response to the fusion joint oi me lation Slt e 
eve'r, LA-VIII contains a P^^JJ*^ from an 
at the fusion juncu °»^Xl« ^ol if the N-linlced 
antibody response. At P r ^ t ( :i Msaccnarid es. In addition to 

^ FVIII in 

derivatives of FVIII, .the to & useful ap . 

neonatal mice described here tor P ^ for 

proach to derive „«*J a.« - ^ m p0 . 

xstt^- 4 ^ deve,opment 1 uman 
-rreUs ^ r ^r£=i^ 

^ ^SfvS" To ra'hysiologicallV significant 
simnar to «*^™j ed t0 th e B domain. The particular 
function cannot be atmouie therapeutic use 

advantages of B^±S^»,pa«fly reduced 
ind-deiB^^^p^^ S h 0 uld be « 

5ffi'£^£ ^ thereby possibly p 
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the cDNA encoding ^ om ^^ Q ^cXors for B ene 
2^1, to ^i^i* secant levels ° 
therapy. Previously .t was^ * & Km ^ x vector 5 The 
LA-Vlll could be expressed us. g dieted FVM 

mav be efficacious for replace 

apy for hemophilia A. 
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• n (~95 kDa) of human factor VIII is dispensable for 
A large region (-95 H 
in vitro procoagulant activity 

(in yitro mutagenesis/coagulation/evoluuon) 



<„ yitro mu u g e„es iS /co a ^,o„/evo— ^ ^ Q 

J ohnJ.Too L h,Dhb RA D.P,ttm A n,Euz A bbthC.O RR .Pa 
and Randal J. Kaufman 

G e n e ti cs, n sUtu te .In C .,87C amb Hd g cP arkDri v«.Ca mb n dg c.MA0 2 
Communica.edbyTomManians.MayS, 1986 



ABSTRACT h ^^gSS?^'i» 

molecular weight plasma gW^^g ^ sequence 
blood clotting cascade. The rece an 
analysis of the cDNA encoding human ^ ^ be 

obvious domain structure for toe ^rot , ^ DN 
represented as A1-A2-B-A3-C1-C2. » e the entire B 

sequence analysis f P»«5 We found an 

domain and part of the . ^ *™ £ man amino acid sequence 
unusually high degree of P°™"3™ h the Umi ted sequence 
divergence in the B "^V^ wSe factor Vffl molecule, 
available for other "P""£££TES m numerous eafisin 
In addition to sequence di vergence, t nere ^^^g^S? 
the porcuttBJpjnajnJoJaU^ 

TnSStTtfJATeT^^ the fulW ength 

segment of DN A encoding the Bdomam ^ 

human factor VIII c ^^' ^tor VTII when introduced into 

SSia^^^^^ 
VIII molecul&r ~~ 



blood clotting c? c ^ e f " ^xYebloodcloUingpathway 
proteolytic activation of factor X.ine° fa ^ 

in which factor VIII Pfg^'SgTta^ fibrin 
proteolytic c^avage of fibrmogen i junction w ,th 

Vroax of the factor IXa '4f Pf ^l^for V HI does not function 
least 4 orders of magnitude. ^Factw ™ fe teoly tically 
proteolytically inthisreact^ factor x or 

activated by other ^agulation enzym activ ation 
thrombin. Neither ; the » gj ^ understood, 
nor the nature of i s cefaclor f ^ ing over 

Recently the entire human factor Vin g^ ■ * m . {mgfh 

185 kilobases (kb) of ^^WA^>»^ of the 
cDNA have been ^^.S^ncc analysis of the 
cDNAandNHrterminalaminoacid eq hesized as a 

plasma protein shows factor WW to y ^ & 

single-chain precursor of 2351 ammo , 

19 -amino acid "signal sequence ' intramo lecular 

homologies revealed ™ ee *™ in) of ^330 amino acids, 

eluding a triplicated ^^SsO^o acids, and a 
a duplicated region (C domain ot w ^ 

unique region (B domain) °J r -^.b-AB-CI-CZ (see 
domains are arranged in the oraern 



1 r domain is 

Flg . 1) as described by Veto f- »>•'«» thi , t si « s 
l^UyMm*W™£?^«J* ^d, >h«r«for=, 

,h ' 25 ! " es " 

factor VIII. DNA sequence analysis that 

In this report, w « ^"J^tf divergence between 
demonstrates a very h «h degree vffl ge ^ 

porcine and human B . domain :m encoding he B 

addition, ^^.^-"gSfector VIII cDNA is not 

\ in a mammalian host cell. 

MATERIALS AND METHODS 

Rasmid Constructions u Tc |S^^"Jiilb!n? WI) 
plasmid pACE, a pSP64 .^W^^ of human factor 
derivative, containing ^^^^of the ATG initiator 
Vffl cDNA (nucleotide 1 » "f ■ A ial flamH I digestion 
Methionine codon) was ^^gffi g.O), 50 mM MgCh, 

m 100 ,1 «^SS^^^ Bi0labS) f ° r 3 ?^TA 
and 2.4 units of flamHI (New b *. uion of EDTA 

rrc The reaction was terminatea oy 1 Wlth 

2 10 rnM and the mixture ^^anXcipitated, and 
phenol and ooct^^^^J, cleaved to 
neUetedby centnfugation. ^na w« T for lt 5 hr at 37°C. 
Sktte in 50 ,jl using 40 ""Us SacU« 1 ^ 
- D NA was ^SSnfcomsponding to the partial 
agarose gel. An 8.1-kb ^ J ^ onl the sequence 
£«HI/Sflc I fragment ° oi the factor VIII 

corresponding to nudeo Ud * ^ ±t powder 

S T- nCe «B pffi SSa w»Scd with 100 pmol of the 
SS^Snded oligonucleotide: 



5. pCATGGACCG 3' 
3. TCGAGTACCTGGCCTAG 5 

DNA was ,»e»sed .0 — SrS5£5g 

tify a plasmid harboring the desired j/ ^ 
niant. DNA ^I^'Xdy at nucleotide 
. withKp* I, which cleaves ■teg^JL Tni s DNA was 
1816 of the factor ^«g«i5 containing nucleotides 
ligated with a ^^^"Sd a synthetic Sid I site at 

£. coJi bacteria. 



Abbreviation: ^. kflobase(sV addresse d. 
♦To whom reprint requests snou. 
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plasmidpD^P x ^^ P . nto mammal an «u 

isaderivaHveoftheexpress^o xpressionof mserte 

„ n iniipXliolsiteoipAi»i^< 1 " Restriction mapping 

[texnniH^ yMT2 wa s Uneanzcu^ j ^ r( , RO cctively, \ n \ Fortv-eignt now* v ^ « m m was appuco 



nN A Sequencing, lnep u containing exons cone 
tJm factor VIII genomic clone 5 cor^ eanaly s 



reannealed for 90 mm at ^^ter addition of an excess 
cooled to room temperature ok ^qq^TI- 



cin«,lv cooled to room temper— AA AAGCAAn- 




VTFRNQASRP 



Fig. 1. ConipaHsonof J^ 
homologous amino ac.ds boxed^Th ^ t0 the anun 

activation are identified, in 
designated by the single-letter coa 



Biochemistry. Toole et al. 

don»l antibody ^(Hyb "vffl aMi-mous. 

described by Kaufman and Sharp (12). 

RESULTS 

The seance of <^££™J^J^ 
reported (2 4). In addition to the human ^ ^ 

a porcine factor VIII genomic ^ lone " eX on 14, a 

ta^^VUInscoiii^^J^ d 8 omain . We 
3106-base-pair exon enco ng J^f^c ubrary and 
subsequently walked 3 in Jta PO*^ exon 15 . DNA 
isolated a clone homologous to num d and the 

sequencing of both porcine f* 00 **^^ deduced. A 
porcine factor VIII amino f;. d n "S e a nd human factor 
Comparison of the correspond** 5 porane an ^ 
VIII amino acid sequences is shown in ng. 
there exist several substan^^ In 

acids in the porcine B J^^Smology within'the 
addition, there isamarkeddiminu^ ^ ^ 

B domain compared to either that serv derivedfrom 
regions shown in Fig. \ f^Sf rfjrcine factor VI? 

(2). Specifically, there is , known amino acid 

deletes, in the B domain ; w^he toown^ ^ 
sequence elsewhere in the tactor ^ 
„ . 8Q/-85% homology. . and since porcine 

)h /Considering this striking J^^t on deficiency 
* factor VIII corrects the ^^^^^ B domain is 
' in vivo (13) and in vitro, ^g^. To examine this 
not involved in P^coagulant acuvi Y P^r ^ e ut 
we used either restnction enzymes or sit * Yffl 
mutagenesis to remove a segm ent of ^ hum 
cDNA encoding the B dom f n f ' ^^.Eulant activity. We 
encoded by the new construe* for pwjjgSd ^ oli y gonu . 
used restriction enzyme ^cl^A Bamn m 
cleotide linker to effect the removal o^c maintaining tne 
amino acids (residues 100 I I ^ oligonu . 
translational reading frame. We also use ^ ids follow . 
cleotidetoloopoutcDNAe^ 

ing the P^^i'^^S^ ^^ cleaVage 
deletion begins 19 amino acids aftertne ^ ^ 

site at residue 740 and "g"^ itions 0 f th e 

thrombin cleavage site sat ««*«^ somatically shown 
deletions in the factor VIII mo ecule are sen 

f vere placed i«o the ma^mahan ce io ^y 
\ pXMT-2, aderivative ** 102 ^«sVL) directs the 
\ aemonstrated.that a .^"^^thei the DNA is 
synthesis of biologically ^J^Kan green monkey ceU 
introduced by transfection into the Aincan grc 

line COS-1 (2). containing the modified factor 

I The expression P to ™ d * P XMT-Vffl. were 

VIII cDNAs and the : ful -lengA cDNA P DEAE . d 
introduced into COS 1-1 cell s v d medium was harvest- 
transfection protocol (14). C °f'"°" dforfac tor VIII activity 
ed 48 hr post-transfection anc assaye forfiK ^ 
asdescribedby JopltetM ™£ SJy, both plasmids 
are summanzed in Table i-^/P^fs yielded procoag- 
containing the deleted factor VIII cDN As y.e P ^ 
ulant activity and, moreover, the activity was » 
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Pig. 2. Structural features of ^^JffSSK 
presented. Line A shows the relativ p0 siUon of the sites 
described by Vehar^ 

cleaved by thrombin <M positio ns of potential NHr 

molecule. Luie C shows the relative P Lines D and 

SSS tf JKi-^SStS- *. . *- * — 

factor Via cDNA. , 

•u^rtiNA One possible explana- 

that obtained from molecules 

tion for tWs increased ac m y tevei lhe 

activated conformation hen «P 0SU « ed enhancem ent of 
of thrombin *^J^J*J$to^ of factor VIII had 
activity. We found that the ^ 2f> t0 30 -fold, as 

their activity enhanced to th^ same extent e from 

wild type after exposure to thromb uv ^ 
these data that remo val * »P ^ does not destroy 
in a defined domain of h^uman factor V gulant 

Table 1. Expressiono^^ 

1 chromogenic ciotek activity 

Amino acids .f iv " y ;. ^7^1^" 
a.m,& milhumts/ml ™ 

0 

No DNA — • 151 

pXMT-VIII - 250 5750 (23) 

pdgr-2 ■» 

post-trlnsfectionthecondi^ 

Kabi Coatestfactot ■ VHIjC coagulation assay 

one-stage activated P^^^fident plasma. For thrombin 
(Ciotek activity) using factor VIILC aeii ^ Q 2 of 

activation, samples were P"^"^^ Activation coefficients 
Srombin per ml (Ha) at roomU^ medium ffom the wil ^ype 
are given in V^s^ Actmiy^ measure cl teU 

(pXMT-VIII) tran l ™ F rom other experiments where 

activity before thromb n «cavmnon. k tei< it was demon- 

the wild-type factor VIII activ itjr wasw cotransfecuon 
h 4ed tobe -30*M iftl^ » •* 



ABC 



200- 



92.5- 



69- 



*7 f » 

"-SBS 

in this analysis. 

We next wanted to determine the reason the mcreased 
acSoLrved in ^^^^^SL 

SrtSfrvmhSd type). The increase in tamunoprecipi- 
differences in activity observed in the cu tures ( iu ^ 

accumulation is not due to a change in half-life but to 
increased synthetic and/or secretion rate. 

DISCUSSION 

sured in vitro. This is highly remimscen of JJ* V 'JJ °™ 
blood clotting factor that is structurally related and acts 

to factor VIII (15). This 
synthesized as a single-chain precursor of 330 UD. and * 
proteolytically activated by thromb in *»J are 

factor Va (16, 17). Significant levels of factor Va activity ar 



. ■ ,u„ MH,.terminal (94 kDa) and COOH- 

molecule. 1 he acuvauuu^ H generally much smaller, 
f ^^S^P^MS. factor X is K 

< 19) - . L i *u /t^B Hnmain of factor VIII is important 

patients lacking von Wilkbimd tac kwm esting t0 

reduced levels of P^^^^Sm (Sttor VHI bind to 
determine whether the ^f™.™™^ 1 ^ function of this 
vWF. Other interesting P/> ss *^» processing 
region are that it ^^^S^^L VIII in 
or storage in the cells that normally proc ^ 
vivo, or that the B domajn (or J J« ra vasoactive 
therefrom) has P: ocoa 8" lan l a SV°xamPU the vasodilator 

for perfomfos I"™*'! "r^lUiT tt.RobtriKrai.n 

script. 

J.. Keyt, B.. Seeburg, P. H., Smitn, u. n.. • Uwn 
K L Delwart, E., Tuddenham, E. G. D., Veliar, 
R. M.'(1984) Nature <^on)3ll, "O" 3 ?^ H 0 . Brien , D . P . £.. 
5. Vehar, G. A., Keyt, B.. f^d w ; Lt Harkins, R. W., 

?:r h -T G T n Law„% Ck M R - , & Capon, D.J. (1984) Sa.ure 

, 'S^.TSU D. (1979) Proc. No*. Ay*. *■ * 
8. Wong, G. C. Witek, J. S- Temple. P. /U wi R R <, 

» SSSrS c.».»». a. r <w» *" i s "' 

USA 74, 5463-5467. 

■ft «t«S2!*^K,-frJStft.«* 

14. Sompayrac.L. M. &uana, r^. j.\ 

„ £L C TSSSk e * m~ k. o. am i. « *»• 

Acarf. Sci. U5A 82, 3591-3595. 



Biochemistry 

of a * aCtiVati ° n - 
resistant coagulation factor Villa 

Steven W. P.ph* and Randal J. Kaufman^ ^ ^ ^ Medical CenIer , Ann ^ m, *» 

— xrr^^----^ 

May 12, 1997) - * J 



ABSTRACT WH*- -J* ^fia^S 

quent infusion ^P^Va co fartor for factor Ka in the 
activity of factor VQI (FVW ) as ■ ft activa tion by 

thrombin. Activat.on of FVIII occurs ; th g w _ s subject 
age and generates an unsta bl ; FVTn neter ^ 
t0 %apid dissociation of Us subu^n add-on, ^^Vfe 
lytic cleavage by thrombin, ^.^S^SsSOOiSr 

/clmracterized a FVUl P™ te \"' ' . ' tosubu nit dissociation 
StabilityofFVmact.y.tyduet^^ancetos eeredby 

and proteolytic f^fZ^SZ *™™ is 
deletion of residues 7^-1689 so "« ^ at thromb in and 
attached to the light chain P'™ ded resis- 

activated protein C ^T^^S^ P" tein that ^ 
tance to proteolysis, « sul in * Vea^e after arginine-372/TnT 
n^cimgiactiv itY after a ^^^ ^m^ 
^pecTfic-^iwTty of partially pur.i.eQ p ng JP 

feted COS-1 «^^^,SSvS ^thnmibta after 10 
FVIII. Whereas WT FVin was MtMty after 4 hr. 

mi „ in v,>o, IRS ■ *"g^ % ^Kd factor (vWF) was 
Whereas binding of IRSto yon « pre sence of an 

reduced 10-fold compare L^^dS R8 to vWF increased 
an ti.lightchainant.body,ESH8 brndingoti. 1&MSSl oi 

Mold. These results demonstrate JJMju m 

\Vhe«i»ESH8inh,tatrfV^^^» irt r£sista „ ce t 
activity in the presence of fc-SHS. vve F»»r Hg ti . 

A2 subunit dissociation abrogates ^^^^.Ity 
body.The stable miad«^ 

through genetic engi neering tech noloa^ 

Hemophilia A results ^g^^SS^ 
ciency of coagulation factor ^"^ V1 "/ , ^ binaiI t^terived 
nous'replacement «V^ft^«pKk» of A1-A2- 
FVIII preparat.ons. FVIH has a ™ n J single . c hain glyco- 
B-A3-Cl-a and is synthesized as a 2,351 a sing 

protein of 280 kDa from ^f."^pffi«ticuluin (1-3). 
translocation into the lumen o Ac W*™^ amin0 acid 
Whereas the A and C domains ™ of coagu i at ion 

identity to each other and to the A an 

factor V, the B domain is not ^^ fa to ^ y B domafa after 
intracellular proteolytic P^^^X chain (domains 
residue Arg-1648 generates an 80-kDa light k 9Q _ m 

A3-C1-C2) and a ^^^fj^i chains are asso- 

^aT^ 
Se between the Aland A3 domams. 



FV1I1 circulates in an inactive form bound to von 
in plasma FVIIb oroi lai )ent interac , l0 ns and 

Willebrand » (vWF) througn ^ ^ ^ 

requires proteolytic ^^^T^ thrombin, activated, 
vation (4-8). Upon P^ 1 ^ 0 ^^ W>ns to increase 
FVIII (FVIIIa) ■igS^.^of IWorXl».tlc«| 
theK ma xOf factor IXa pro eoyi phospholipid and 

4 orders of magnitude in the pr? *rc P ^ m 
calcium (9, 10). Thrombin , cleavage ater/ttg 
and 1689 activates insisting of the Al 

with g eneratl °Pf pn a t ^ a ! ion dependent association w.th the 
subunit ,n a d'valem-met^on p ^ & ^ A2 

physiological conditions (14 after 

Previous studies demonstrated ma » functional acti- 

and Arg-1689 are the ^5?^^%»d (13, 
vation, whereas ^l?™£^oL an acidic amino acid- 
15-18). Cleavage after $ g ™ 9 £™* g< and is necessary for 
rich region f ^^f^\wF^nd makes FVIIIa available for 
dissociation of F>ailafiwnvwr cleavage after residue 

interaction with phos phol.p.ds (J. 19 f main Previous 
Arg.740 releases the heavdy ^3'~ fFVII1 is dispensable 
Jdies demonstrated I tot- Ih. ^^SSg^eiiFVin 

for FVIII c0 ^ act ° r V ^ Jgorees^)f B domain deletion yield 
molecules that have varying degr e f 01 ° ff j u expres sed in 
functionalWIIImole^ 

mammalian cells (22, 23,25,^;. in g ^ 

typical thrombin activation that ewtetatts aheterotri . 
ATg-372, Arg-740. ^^^fSS^ FVIII (FVIII WT>- 

rnd r r«^^^ 

ments for FVIII cleavage »J „ not suscept ible to 

functional B. doma.n deletion FVin tn Wg ^ ^ 

rapid dissoc.at.on ^ ^ £^; unit wi th the A3-C1-C2 
hypothesis that fusion of th e AZsjd & single 

H y g ht chain would y.eld a molecule n 
cleavage after Arg-372 would oe n e ^ vm )e . 
LtivaL. Under this 

cule would not be su . sce P tl ^ e .^ co ; alent i y attached to the 
because the A2 subunit wouW b^^, inactiva tion. 
, ig ht chain. We have S tanl to spontaneous 

resistant factor VIII (IR 8) , wmcn than pvIII 

inactivation and exhibits a h gh er sp« : A2 subunit 

WT. The results demonstrate the '™P°«™ 
dissociation in limiting the activity of FVIIIa. 
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Abbreviations: FVIII, ^^Srand factor; IR8, inactivat.on- 
VIII; WT, wild type; vWF/ wn . tec thrombop ,a S „n t.me 
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Fig 1. Structural domains of 
FVTII WT, B domain^leted and 
inactivation-resistant FV11I (IR8). 
M) A schematic representation of 
FVIH WT and B doma.n-deleted 
FVIII (90/73) domain structure and 
* e predicted FVIIIa heterotri- 
meric subunit structure after throm- 
bin ctWation(IIa). (B) A similar 
representation of IR8 and its Pre- 
dict heterodimericsubunU struc- 
ture after thrombin activation^ 
Me ++ indicates a divalent metal ion 
necessary for heavy and light Cham 
association. *, indicates the missense 
at residue 740 pretong 
distance to thrombin cleavage, b 
indicates the 54 ammo aads of B 

domain retained in the IM con 
struct. White boxes represent he 
addic regions at the A1-A2 and the 

B-A3 junctions. 



MATERIALS AND METHODS 
Materials. Anti-heavy ^J^Z^^ 

conjugated to CL-4B ^X^dZ 
factor VIII protem vvere a g ft from DeD horser adish 

institute, Cambndge MA) An huma hased {ro m 

peroxidase-conjugated rabbit ant body p £SH g 

Dako. Anti-light cha.n factor vnimAbst > CT) 
were purchased from Am ? r, ""SXS human plasma were 
Factor Vlll-defiaent and ^g^^p^i Park, KS) 
obtained from George J^^^d APTT reagent) 
Activated partial « h ~ mb ^ n G ( JSSDiagiiostics Organon 
and CaCb.were putted * General u g inin were 
Teknika (Durham, NC). Human ^hromD ra [Ms]methionine 
purchased from Boehr.nger Ma ™™ ham . E n 3 Hance 
J>l )0 00Ci/mmol)waspurc^ was pur . 

was purchased from DuPont Fetal bovtn 

chased from J*^^ 1 e free DMEM OpUMEM, biotin N- 
DMEM, mcthionine-free DMtM, ^ h radish per - 
hy droxy succinim.de umd >« Q/BRL . 0 - 

oxidase conjugate were rtf^ p UrchaS ed from Sigma, 
phenylendiamine i*^°^±^s^s performed within 
Plasmid Mutagenesis. M " ta ^ neS * containing the 

the mammalian expression v*™**^^ generated 
FVIII cDNA (P^^ 11 '- Girted [mutagenesis by using the 

through ^f^^^S^S^ 9 °/ 80 is F , VII i 
PCR as descried (28).The^asm ao B ^ deleted 

WT cDNA sequence in which ^ f J m 9 ^p^id 

(del 741-1648) and was g^^S^l, which the B 
designated 90/73 is FVIII WT cDNA s q ^ 

domain and the ac.d.c region of previously (20). _• 

elated («7 4 Vatz^^^/ 73 *- ""fl 



as the DNA template. O^^'J^t which codon 
was used to create a ^^"JJ 3 ct ing an amino acid 

the DNA template. 

used to create a Kpnlfb/Mjul PCR ^ra^men v rf ^ 

DNA sequence encoding for amino ac d restfu ^ 
WT sequence followed by a "^'"'f ^95/1689), which was 

S'p^^^ 



Zoning as described ^f^A). Vector 90/b/73 R740K 
I Construction 3 (Wlo/™ "^' olioonuc leotide-directed 
was used as the DNA ^ temp at e ■ ^ jn 
mutagenesis was used t0 create ^AA to GCA, predicting 
which c^40^<^^ te lysine , which was 

SdintoSpWl^ 

Construction of IR8 1™/°' " *\ . fl ' m and j<p„l. The frag- 
PMT 2 VIlI/P^62Kwas^ ^ ^ 

ment was hgated into t ^'"XwT FVIII cDNA sequence 

RTWA-Thei^cc^ J^L were purified by cen- 
was designated FVIII w ' l- d characte rized.by restric- 
trifugation through , f'^ndDNA sequence analysis. .J 
tion endonuclease ^^^^iSDNAwastransfected 

» DNATi^«^^AgySS^hod as described (31). 
into COS-1 cells by theDEA&dextranrne sfection in 

Conditioned medium was halted at w ^ ^ 
the presence of 10% ^al ^ovme ? e m _ 
measured by on^i^ ^J^^ue, NY). Protein 
oratory Automation Electra mi , me tabolically labeling 
synthesis and [«S]methionine. 
c& at 64 hr POS^^^^foUov^biachasefor 
(300 „Ci/ml in in^^SS unlabeled methionine 
Ur in medium conta.nmg E 10 ™^ condition ed medium were 

obtained from 200 ml of ^^^SZim^ 
(32), y' e ding 300-1,500 n pe P s{ected chine se ham- 

and stored at -70°C. pyill activity was measured 

FVin Activity and Antigen Assay, tv 1 ^ j o( human 
in a one-stage APTT 

FVIU-deficient plasma Fori ^"J^s/isornMNaa/lSinM 

s^i^ ^ temperature with 



Biochemistry: Pipe and Kaufman 

umt/ m> of thrombin ^ After ^^^S^X 
time, aliquots were dilu ed J^J^,^ in 1 ml of norma 
unit of FVII1 activity is was quantified using a 

human pooled P»^J" » ; J antiboai esESH-4 
^l^tSSSStt VIII P^ein purified m 
parallel was used as a standard^ % Us 

V FVlII-vWF Complex EU&£ ™ ntibo dy at a concentration 
(Dy natech) were -af with F J antibody ^ ^ 
of 2 M/ml ov « n tl nll9 6 Wells were washed with TBST 
carbonate/bicarbonate pH^.w NaC1/0 . 0 5% Tween 20) 

2:1). Samples were >ncubatecl tor 1 dditional 2 hr in 
plexes were detected as described (34). 
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— RESTTEfS 

o • ,ont FVffl Variable deletions 
Generation of Inactivati^ 
between residues 740 and 1648 withm t- y by 

WT activity that generate ^"^"'^u- acidic region in the 
lombin (26, 30, 35). Further dele on o the aad 
light chain (740-1689, termed .taoroto cteavap? 
molecule that generate d aheter ^™ reduced affinity for 
however, this molecule had a gn.tic a y ^ ^ ?40/ 

vWF (20). We ^ *L«^ScSn molecule by site-directed 
1689 junction within the 90/73 J^ 0 , 6gQ t0 Lys . Thrombin 
mutagenesis to change the Ar f , e gen erated a het- 
ueatment of the resultant secrete [™%%\. This molecule 
erodimer due to a single cleavage ato A* ^ ft 
WO uld be resistant to d"*?^^^^^™^^ 
was fused to the light chain. However Vje ^ 
not active in ^ one^APTT drt^ , conformatio nal 
after thrombin cleavage. We hyP othes '^° aivity of th e 90/73 
constraint of the A2 ^^SS^^SSSl 

■^ngrrfofe introduceo » *f« r WT sequenC e followed 
of the amino acid residues 741-793 £t me t h ^ ^ 
by an Aflul site (for cloning jW^^PJ^ScoSitruct 90/b/73 is 
and Arg at residues 794 deletion FVffl 

similar to a previously cha .a tensed » suscep tible to throm- 
(FVIII-LA) that is ef^'ently ^cre^ to was 

bin cleavage and activation (26> The ^ ^ 

mutated from Arg to Lys or Ala inC ubation 

.enerateaFVJllaheterodimer. . ZZ, 

o .1 . - A foffnr X 



^.... j:: iaFy jl!aheterod^ and 
2-BoTnThToTnbin and tactoj Xa can _ciea 

3ate FVffl fy^^S^ be important 
terminus of the ^ d ^^_S^ prevent cleavage and 
for interaction with the A2 t0 Ile because this 

loss of the acidic region, Arg-336 wa mu^ e deavage 

amino acid change l^^ n ^Strvate FVffla by pro- 
(14). Finally, act.vated P^em C can mac ^ 
eo lytic cleavage after Arg-336 and Arg yu y J (e a 

either of these sites by activated P^JjJ^ inac tivation 
h ferotrimer of subunits that ^ ^^Sg^s mutated to 
through A2-subunit observations with 

Lys to abrogate cleavage at te*™ Arg . 3 36-Ile and Arg- 
a y full-length FVffl "^STSnsTmutations did not 
562-Lys demonstrated that these ivation and 

interfere with synthesis^ secre ion o«° n (hese sites (K. 
were resistant to APC^l^fSmal construrt FV1II 

(del795-1689/Arg-336-Ile/Arg w i 1 » 
termed IR8 



„f IRS The synthesis and secretion of 
Synthesis and Secretion «» R ™ £ resistant mutants were 
FVIII WT and the various mactivatio ^ ^ 
compared by transient DNA t « ni of syn thesis were 

ceus At 64 hr posltransfW^ * n** acK £ om r*s lm e- 
analyzed by immunoprec.p. tauon o J 6 " e VIIlWTwa s detected 
Snepulse-lateledc^ 

in its single-chain fonr 1 and ^ g^ 31 W 90/80 (de 1741- 

(Fig. 2A, lane 1). The B ' lane 3). 90/73 migrated 

1648) migrated at -170 k .^.^ dele ' t ionof the residues in the 
sliahtly faster due to the add.t.onal ^eno ^ q[ 

Sic region of the l.g|it ctatn (Fi&: ^ 2 A , anes 7, 9, and 

mrn^'^^^S'^ffi^ 90 80 and 90/73 
11 exhibited simitar band intern - m ^ ons dld 

constructs, suggesting that ^ After a 4-hr chase 

not interfere with efficiem p o^ynt {rom the ce il extract 
period, the majority of FV U ch ase-cond,t.oned 
(Fig. 2A, lane 2) and wa /^ n a 200 .kDa heavy chain, and 
medium as a 280-kDa of the inactivation- 

an 80-kDa light chain ' (F*^^ the chase-conduced 
resistant mutan s were «*°w*ea )anes 7j % a d n) 

labeled FVIII proteins •"T^P^g thr0 mbin (1 unit/nJ) 
conditioned medium were" ^ a ^mivrrwasefBctai*f 
for 30 min before SDS/PAGE analysis { a50 .icDa Al 

SLvedintoaheterotrimerf 

subunit, 43-kDa A2 a ™£ / £ W T also was cleaved into 

chain, A3-C1-C2 (Fig. 2B, lane J) vu/^ 2ft , ane 6) 

a heterotrimer of subunits similar to bv t ^ hro mbin-cleaved 
90/73 Arg-740-Lys generated a^ter^.m nit ^ ^ 

subunits consistent with « 1 50-kUa ^1 ^g^O-Lys 
Cl-a fused light chain (F*. M V™"L 8 Consistent with two het- 
SnSted thrombin ^ *«K«SS A^Cl^ 
eromeric species, a 50-U* 1 Ala and an 85-kDa 

heterodimer, as well as a 43^3a ^ (flg 2B 

fragment consistent with .* ^ " c ^ incubation w ,th 
lan^OJ-Tlieap^aranceof^ 

thrombinsuggestedthattheconser q{ n b 

completely abrogate thrombin m ^ g se mutatio H n to Arg-740-Ala 

mutations Arg-336- le and^ 62 4^ c . 

Functional Stab.l.ty «*»J«» 1 Having demonstrated the 
tates with increased SpKjg ^^ o y di ^ r u p 8 on thrombin cleav- 
structural integrity of the^ JJ™^? modi fT cat ion on activation 
age, the functional consequence or this m ^ assay 

a ^d inactivation ^"^^T^ K were incubated with 
Immunoaffinity-punfiedFVni . W 1 an APTT 
thrombin and assayed for FVI U ««. yjr^ WT 
clotting assay. Upon treatment w ina ctivated 
maximally activated witlur 10 ^ an J eak activ H ity .fter 30-sec 
over the next 5 ^-J^ST-Lting a modestly reduced 
incubation with thrombin F.g. 3), suggest g WT Jn 

"ensitivity to thrombin JJJJ^gS-ed M was lower 
addition, the peaVac^totoon^ thrombin . activa ted 
(75 ± 7% of peak ^ red uced efficiency as a 
FVffl WT, n = 3 ^ S "^„'"fwed significant stabilization of 
cofactor. However, IR8 f.^^Sn with thrombin (67 ± 
peak activity over ^^^^armWl™ 
5% of peak IRS activity n - ^3), wner J ^ 
less than 5%. Alttoug , a ° ^ 1R8 still retained 

seen with prolonged k « ^^bation with thrombin. 

* " !i " 8 * FVIU "* 
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90/b/73 




B 90/73 90/b£73 

lla - + 




A2-b-A3-C1-C2 
A2-A3-C1-C2 
b-A3-C1-C2 

A3-C1-C2 
!-A1 



I-A2 



1 2 3 4 5 6 7 8 9 1UH^ ros ! c6 Us WT and mutant plasmids were 



chain-based ELISA. The ^^.^S^S- 

IR8 was + 43 vs. 18.6 i 7.4 un.ts/mg). 

compared with FV1U w i \w characterization of 

IR P 8 U Not I-^^'J^SSh.t its inhibition 
a FVIII inhibitory ES »? ™ £" WF (38 -40). Because 
was dependent on binding of FVIU to vwr V 



IR8 had deleted f^^^lS 
binding, we t^^Sff^^y in the presence of 
on IRS. Because ESH8 inhibits t yWp Immu . 

vWF, 1R8 totvj «p J d T f ° d ' pr J eins were assayed 
noaffinity-punfied FVIU vv ji a p demonstrated 
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__q__ FVIII WT 
__o— IR8 




Time(min) 

^r^aSSXlp, independent experts, 
ng/ml (Fig. 4). K8 demons* ated ggg^glSS 

onstted%ignificant ly ^ 

The functional im pact of this ESHb in 

to vWF complex was evaluated by f assay'ng ™ , he absence of 
using the one-stage cbtt.ng assay ^at ^ 

ESH8, immunoaffinity-punfied fvin w 1 . t3T>c 

ftrated minimal loss of FVITI 

of its initial activity. These f«ulK sug| 




<H 1 T T T J J 

O O O K g lO O 
10 2 ir- N CsJ « 



Protein (ng/ml) 



vWF after incubation with human FVIH ? of pvffl- 

represents the absorbance ^£$£££2 conjugate 
vWF complexes by an "^WtowW^ ^hydrochloride. 

closed symbols, presence of ESH8. 
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DISCUSSION 

With an FVlIl 
function, studies have attemp ^ofo J h nemoph ilia 

molecules K re W,S?£ included the deletion or 
A. Strategies investigated thus far nave in^ t 

modification of FVIII ^S^^^tial for more 
ex P ression.Th«estW 

efficient manufacturing of ™™™oi increased FVIII plasma 
delivery through gene ^raPY- have not potentially 
half-life or spec.f.c acUvity *^ ^ement 
reduce the amount o f FVW^uhc ^ ^ 

for hemorrhagic events. Decreasing i dous bene fit to 

for replacement .therapy ^"^^0 „ot only reduce 
individualswithhemoph. aAbecau^et^ ^ 

the cost of treatment but should mm mi load of 

^op^^^l^^^^ studies have 
FVIII being ™°&™??*!°ltZ a P n improved FVIII thera- 
focused on the Recombinant FVIII 

peutic by increasing ^ ^Jf^Jfo,. functional activity of 
Previous studies on the requirements tor 

FVffl demonstrated ^^^S^^^^ 
1689 both were required for ad«J0^ (13 22 _ 24) . 

B domain was not reared to fun j onal ^ 
Deletion of residues 741-1; 6 ^ v ^ e , eaV and activation, 
(90/73) that displayed WT thrombin c & that was 

activity, although the "^^^^tedt&tdther 
thrombindeavageat Arg-372.TheseresmB 

cleavage at the ammo termmus of the light cha. q.^ ^ 
elicit procoagulant activity or ^at the A2 sub ^ ^ 
appropriate distance from the Ai ■ sequence, was 

When'. 54-aa space, ^^fj^^i^wr 
introduced between the A2 d ° m a a ™ a "'J ored . These results 
activity, as well as thrombin activation mi does not 
demonstrate both that thrombir '^Xnght chain and that 
require cleavage at the amino ™ ^ and the A 2 

there is a spatial requirement bet wen* ^ ref lect 

domain for FVIII activity. The at resid J ues S er- 

the two factor IXa 

558^1u-5tfmtheA2d^mtotm^^ teA ^ 
serine orotease domain (41, 42) and uu 16 m , th f actc £ 
domain that interacts w.th the facto IXa ^^^ d ™ « decule IR8 
1 domain (43, 44). Most procoagulant 
was cleaved at a single site af ter ^™Sld by A2 domain 
activity and was resistant to A2 subunit 

dissociation. These ^ W rt ta ^KofFVUI». as ori^ 
dissociation ""J^^f^^^The- importance of 
inally proposed^ by demonstrated by identi- 

cleavage at residue 372 ■V™?* wa u m hemop hilia A (16) 
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possibUity aiso is ^ by £ SS^^ 
activity observed ■'"med.ate'y after thr ^ rf 

amino acid-rich amino , term.nu sot *e jviii g 
to residues "^-1689 .ntabit mt«agon hi h . af{inity 
and deletion of a por turn of *b isolated acidic peptide 
vWF interaction (47). l o n ; WF suggesting the vWF 

1648-1689 was incapable of binding vJ|,^J * We 
.nteraction requires other regions heFV ^ 
have shown that delet or of the acidic am ^ ^ ^ ^ 
in the light chain in IR8 y' e ' as a " {| it was demon- 
reduced interaction w> h vWR ^^jSnus of the C2 
strated that ant.bod.es to the J arboxyj Q 
domain of FVIII inhibit vWF bind and ^ a domain 

antibody ESH| reacts wun ^ ^ ce f 

residues 2248-2285 and is inn , fa increased 

vWF. We have : |*^. ^V^ncVof *e ESH8 antibody, 
approximately 5-fold .n the P.^^'^F binding site in 
These results support that the h.gh-af f.n.ty vWh D.n e 
IR8 is intact but its conformation h™^™^ P a P nti . 

"^^^S^^SZ tt is capabie of 
body binding to IR8 induces a uu C onforma- 
high-affinity vWF .nteracUon ^^^SSSStlo*.-! change 

^^^on^^^^^ "^.S 1 

activity. ESH8 is one ami „ WF and for w hich the 

doesnotinter erewit ^^^"^^ Studic. T 
mechanism of ^ IH u ! nactlv t f' ^Viit vW f interaction to delay 
port that ESH8 stabilizes ^ mi vWI- ™ that A2 domain 
release of FVIIla from vWF by 4_fold so ttat ^ 
dissociation , occurs ■ ^J^^Safa, provided a 
unique stability of IR8 ^ ™° previou sly was derived 
useful reagent to test this hypoftesis that prev.o y 

T t ^SS7SSZ^S^B was resistant to 

that molecules similar to IRS may ^'^Jg 
patients that have FVIII inhibitor ^^S^m 
We have tested the hypothesis that a he^u^c 
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=^ "^Active Factor VIII Variant Lacing the 

Construction and Characterization of^ar^A- 

Central One Th ^ ^ ^ Matto , 

tVlflt ex hibit 3 distinct structural 

a carboxy-termmal dupl ca tri J eg.on t ^ b when factor VIU . a 43 Q00 (domam A2). 
^^SSe^LtfZI^^ fact0 r VII Wwwjb P VIH de .797-i56: 



Factor VIII ^i^^5»S£ 
cascade as a cofactor for the acwatioj t ^ 

DCt (Jackson & Jj^^SSed and, along with 
for human factor VII have now wen ^ 
protein charactemation sutd.es , have * ^ 
of factor VIII (Wood et al.. 1984, 10 Davie) 1980; 

a 1982; Fulcher & Zimmerman 1982 , Vd. V1U 
Rotblat et al.. 1985; " m S J3OOOOO) consisting 
gene codes for a *f33«^ asparagine-linked 
of 2332 amino actdsmcludrng 25 p rf ^ f 

glycosylate sites ^I 6 ' 3 :^ domains, including a trip- 
VIII sequence r^. 3 *^* (A domains), a unique 
licated domain of ~ 3 wanruno ara 1 ine .i, n ked 
region of 909 amino a^s— ujW • J^.^a 

gly cosylation s.tes (}^ B *«J»>^ which are arranged 
duplicated domam of -150 amino ^ ^ al > 

in the order A1-A2-B-A3-C1 C2 irg ^ 

1984). The sm8 le - cham f0 ™ °lSe polypeptides having 
teolyzed in vitro and in vivo , w muUgje p yp ^ 
molecular eights ranging from 1 80 000 t ^ ^ ^ 

* Zimmerman 19 ft^i,*,*-! sequence 
1983; Eaton et al., 1986a, Figure i> 



^Proteolysis within the ^ car ^ e 3^90000-180000 
\ 000 protein yields a ser.es . f F* « * - l986a , b) . 
(Toole et al.. 1984; Veharet al £ 4 , t* ^ ^ 

1986b). also the above-mentioned mul- 

The single-chain form and a so to y prQ . 

tiple-polypeptide form of V ^ ^ 982; 

cosed by thrombin to an . of subunlU 

Fulcher et al.. 1983; Eaton et aU^ A2)> and 73000 
with M, 50000 (domain Al), 430UU a , l986a; 

(domains A3-C1-C2) (Fass et a rf factor vill 
Fioure H. Between these functional 742 _i649) that 
fs ThigU glycosylate \^^n Lor VIII is 
appears to be ^^KSnata may not be required 
activated. This sugge* that *« do tWs hyp0thesis . we 
for factor VIII coagulant activity. 
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Pvul 



CMV 




pML/ 



Hmd Hi 
'vlglO . 



P F8C1S9080 



Hpal 



^(TThm l /BomHO recreates 
Bom Hi only 



variant (factor VIlLw^i « scd in mammalian 

is removed. When th.s . va anus P ^ med , 

Vlll. 



Materials and Methods ^ 

George King Biomedical, platci n waj ffom 

Sics; factor VIH chr^c^^ cJ^l Co. 
Helena-, human «-th rombu, «n 8 ^ p 
The plasmidpUCS containing the Flcck enste.n 
IS spUce ^^^"SmSS Hams FI2 media 
(Nur nbcre. ^^now Lavatories; Geneticin was from 
were obtained from I low uau 

letiS^^ 

•r^T^rr^Tu,^ made by fusmgjss^u^ ^ ; - ^ 

Sfen^^^^^i^This fusion con- 
InSnHeTi^^ This 
section deletes ammo acds W . n & (Lusky 

factor VU1 variant cDNA was . e ^ r o , ran , cfiptiona l control 
Stchan. .980 vector -^.g^n* 5' control 
fe g ion of the ^ C ^^^J. and splice donor 
region includes the ™V «ntew*P^ l9g4 . Slefnb erg 
sequence (Boshart et al. 985 Thorn & ^ 

eTal. 1984). To complete ml r 
acceptor site, we synthe .zed a vv ^ rf ^ 

region (Bothwelt et al., 1981 )• ' ranscr iption terminator 
7u»Uw.»«^5 ( ^r57«. TWsplasmid 
of the early region of SV40 (Hers 

fa designated pF»CIS90«O. alian kidney cells 

Trorxfection and C f J""^SQ and pRSVneo (Gorman 
were cotransfectcd with P^lfJJha precipitation method 
et al.. 1983) by the ^^^SJ^ dishes of cells 



<• 

Xbot vcc;or diagram 

v nF8ClS9080 expression pw sn ™j; . f rcP r, C atton from 

P . • factor Vlll monoclonal 

antibody (Wood et aL 1984 u werc lutee q«nUy 

cultured into 400 ng/mL G« n «" a „ s Express ion of factor 
pooled to give a mass ^^Sb. was determined by 
VMl from this new cell »«^ mcdium for f ^ 

immunostainingofcellsanda^ayoi . n an n2/ 

Vlll coagulant act.v.t • CeH T o obtain sc- 

DMEM mix containing 7* cUl ,„ varl ant, 

rum-frcc medium *&£ M medium without serum 

the cells were cultured in U 2/ l»» 

for48h ' a Characterization of the Factor 

Purification end vu , varian t was purified 

Vll W,« f 3 r. factor Vlll monoclonal 
by using DEAE-Sepha o k • " rccombinan t full-length 
antibody column as <to*.W ' o (C7R) reacts 

factor Vlll (Eaton el •K ,9 »£ll vn , (VVo od el al., 1984) 
with the U, 80000 proteir , of actor I ^ ^ ^ 
Factor VU1 activity was assayed oy cb pfoUm 

by the factor Vlll Coatest ^ Bradford (.976). 

oLmi-lhw^.^^'The factor VIIW T * 
For amino-term.nal sequcne ng by sodium dodecyl sul- 

variant (0.2-0 5 mg) was (SDS-PAGF) 
fa te-polyacrylam.de g.l c ecu P oic . ns ^ , 

l6 .,2%) (Laemmli. l9 ™ ; a " ; tcins were then gel-elu ted 
- Lining with Coonras-e b uc. Pro u ^ an cd 

CH unlca P iller et a 1, J«) (Hcwick ct al .. .982). 

Biosystcms vapor pnasc bt H u 



shown in Figure 2 W rol e>" c * in (Figure 1). \ 
acid residues 797- 562 of ^he la o Uansfect rnammalian 
1 This cxprecss.on pta™'™ " oressl0 n was monitored bv 
ki dney cells, and <*««™\^ n c t al., .985) and by 
immunoperoxidase sta "«« ^ scrunv free medmm 

coagulation analysis. As shown , in , alion time of 

Sined from 90/80 ce 1 s sho ten s he eo B ^ 
hemophilic plasma, while medmm ir I 

didnl Tte•^2 1 !^^ V,1, ■ FaCt ° r Vn \ 
raised against punfted P^^V, of 90 /80 cells using a 

was also detected by ^^Sf^ Wood et al., 1984) J 
factor VIII monoclonal antibody^ ^_ 

(data not shown). W/lto-w-iw V ' ari< ""- 

CfcarartrrlrrtMM 0/ < h 'J. aCWr bv sDS-PAGE shows 

that it consists pr.mar.ly ' o\ a J unt of lhc sin gle<hain fusion 
, , 5000 (Figure £ A «-« ^ Qbscrvcd by SDS-PAGE, 

having an iw r 01 
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1 



sample 



109.2 
102.3 



ffio SK P—d «Uh face, V... polyclonal 

antibody 
buffer 

r*rent_e£jinejr*c^ 



"^ioTio^TJhT^rwt cell line was _cuuu r ^ ^ d) . 

* umfoH« h. « which time it was to**"* an0 assav ed by 
cd ^.h 0.05 M Tris. pH f a Sn 90/SO mediumO 

Station .^K^r "Xtor VIII polyclonal antibody 

r 0 ^^ 



6C.0O0 



40.000 



x.ooo 





20,000 



1O.0CO - 



/ 



3*6-"% SDS-polyacryaam.de £^^^VHWw-M« 
staining with Cooma*.c b toe. After ^ m analysis (Towbin 
was also transferred to " ,U , TO " U 'S V w m si plasma-derived factor 
et al., 1979) (C). A polyclonal pnuWjH ^ P nilroceUu iosc. For 
VIII was used to detect proteins t ra «fc « ?J „ 0 .5 mg 

amino-terminal ^""-^ S units (U Mg) of thrombin 

Tbe *, 200000. 1 .3000. and ^ft^JKS 
by a factor V1U polydond an, A* *• * 

obtained for ihc M r 20O0OO sing c r 

with the WA-l^»^^S235 I cd from the 
VIII (Wood et al.. 1984). ™ s^ amin0 . lcrmin al 
Wr go 000 pro te.n f ^ of plasma-de- 

sequence obtatned^ * l98 6a). 
rived factor 

found to be 4000-6000 un.ts/mg. J^"3 ftcW 
specif, activity of unactivated plasma^ „ d ft ^ 
(Fulcher & Zimmerman. 1982 / with 

thrombin resulted tn a M 5 W 10 ^ ^ 

activity (Figure 4). Tru act at, ^ pr0teins t 

cleavage o ^'^Jjooo and 73000 (Figures 3 and 
subunits with M, 50000, «w , n „. rs t0 ^ c i ea ved to 
4). initially, the ^ffi^y* within 

the W, 115000, ^^«SS7*?SSw5««d» "™> VCS lhC 
the carboxy terminus of the M l>™ ^ • wWch 

shortened B domain, generating the M, 90 W 

is subsequently ^;\SK"nd%fo»ne«ntonfly. 
50000 and 43000 "^^^le. the M r 73 000 



20 

incubation lime (mm.) 

rl0URE 4: Thrombin activation of [^ft^ 
rt/mU of factor VH W.5« ^ 2J mM C aCl 2 . and % 
aminomethanc (\ ,s ^.^ 6 Vng (7^ units/mU) of thrombm for 
elvcerol was incubated with bU ng t - ' was rcm0 ved 

gfto min a. 37 °C At the »■« '^fts M Tris. P H 7.4. con- 
and diluted (1/'? W) - (1 {?S(BSA> and assaycd for coa8 <V lan 



wining u.ui * «■ - . . amo i c was brought to v.; ^ 
bySDS-PAGE(6-12%). 



I 

c 




Incubation tlnie ^ 
F10URE 5: Compaq ^^SfliS 

unil/mL) of thrombin for ►M^^h, /2 000) into 0.05 M 

lheW[5 O00O43mand 730OO^ 

variant have the same ^ mo » Lr ^ ft *„ V ,|I (Figure 

counterparts ^^^Z^^^^ h 
3; Eaton et al.. 1986a). i n '""" ; ilar t0 f u ii-iength 

factor VIII. By SDS PA ^^" cd B domain after 
btae. we could not f^^^Zt^^o^o 
thrombin activation. Thi s ma> x« used , nler . 

smaller peptides no t resolved by he gel > ^ by 

estingly. we found tha factor V ^Wj"^^^ facl0 r 
thrombin at a sigmncant f£ * was fully 

^SX^»^* /hcwrVIII)h "* 5 



8346 BIOCHEMISTRY 




0 

Fraction no. 

\/ttt „, with von Willebrand 
figure 6: Interaction of factor ^^-^^o a s previously 
factor. vWF was pur.fl led I and coupledw A g iUbrated 
described (Wood et al WTh^ WF 0 mM ^ 
in 0.05 M Tns, pH 7.4 0.15_ M WU an waj 
VIIWw-um <*l or r ral IS! sub equently washed with 3 
passed through the column, ^^S^S^w-isb or natural 
column volumes o the above ^^aOT^taffer con- 
factor VIII was eluted f'^^tactlns were collected. Factor 

mi „ while activation of full-length factor VIII by thrombin 
(1/500) took -30 mm ^ yon wiUebranQ 

I 9 . it is in part due to the lability an 

of fa tor VIII in the absence of circulating vWF (Brmkhous 

0.25 M CaCl 2 , ^ » !|^^^« obutad when 

(Figure 6). 



^ Factor VIIId gj^62ES£U^ P AG? «C*L- 

vmi of M 200000 was also observed by SDb 

^^^icSity of factor VU.^- 
fot^S units/mg, ^^^JSS 
activity of full-length human factor VIII ^ruicncr 
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is not unexpected since the ^spe £cac , , && ^ 

90000-80000 complex has the sample «P« bsem . 
M f 21000^000 OjgP^^^Lf^-^ 

rpS^of'Shl glycosylated B domain has Uttle 
lEt on factor VIII coagulant «u«g 

Treatment of factor VIIl des .79>i562 

VIII. Factor VAWw-iw ^ f full . lenglh 

my.urmin.l region ot telo. Vlll < Hiro '^', h(1 »,„„ t 

more way in which factor v ui d g4) Like 

«r », 330000 .h,, ^ f «' V»» 

Acuvateo jacw terminus) and 74000 

subunits with M, 90 UUU y rom i su bunits 
(from the carboxy ^^^'iT.eco.^ 
iTn^K) K S£2£n form, these subunits are 
^T^SllBhJ glycosylated region that „ pj* 

_ vili Figure 5) Whether this difference is enough to alter 
SnSal properties of factor VII W ? ,>, 56 : (comj-fod 
to fuU- ength) in vivo is as yet undetermined. In vmo ev 

■ C ulver suceest that factor VlII des . 7 97-i562 may oe 

function of this reg on is as y ^ ^ 

for it. interaction with vWF in vitro. 
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